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CROSS -REFERENCE TO RELATED CASES 

This application claims the priorities of the 
commonly owned copending European patent applications 
Serial Nos. 02 018 340.6 and 02 018 339.8, both filed 
5 August 14, 2002. The disclosures of the above-referenc- 
ed European patent applications, as well as that of each 
US and/or foreign patent and/or patent application iden- 
tified in the specification of the present application, 
is incorporated herein by reference. 

10 The invention which is disclosed in the present 

application is similar to that disclosed in the copend- 
ing US patent application Serial No. filed 
August , 2003 by Albert-Berend HEBELS, Frank GROTHAUS, 
Franz HARTMANN and Jens COLLIN for "METHOD OF AND 

15 APPARATUS FOR SPLICING RUNNING WEBS OF PAPER AND THE 
LIKE" . 
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BACKGROUND OF THE INVENTION 

This invention relates to improvements in pro- 
cesses and in machines for splicing together running 
webs of paper or the like, e.g., webs or strips of paper 
5 or other wrapping material for use in the making of 
plain or filter cigarettes, cigars, cigarillos and/or 
other rod- shaped smokers 1 products. More particularly, 
the invention relates to improvements in processes and 
machines for splicing trailing ends of lengthwise mov- 

10 ing expiring webs or strips of paper or the like to 
leading ends of lengthwise advancing fresh webs in such 
a way that the leading and trailing ends need not be 
adhesively and/or thermally secured to each other. Still 
more particularly, the instant invention relates to im- 

15 provements in processes or methods and in machines for 
securing the leading and trailing ends of pairs of 
running webs or strips of deformable material to each 
other while the two ends advance lengthwise, in the same 
direction, adjacent one another, at or close to iden- 

20 tical speeds and are pressed against each other. Splic- 
ing undertakings of such character include folding and 
knurling. 

Processes and apparatus or machines for splicing 
the leading ends of fresh running webs to the trailing 
25 ends of expiring running webs are resorted to, among 
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other undertakings, in the tobacco processing industry, 
e.g., to connect the leader of a rotating fresh bobbin 
or reel of convoluted cigarette paper or other strip- 
or web-shaped deformable wrapping or confining material 
5 to the trailing end of a rotating nearly expired or ex- 
hausted bobbin or reel of wrapping material in such a 
way that the delivery of wrapping material to the 
wrapping station of a cigarette maker or another web 
processing or consuming machine need not be interrupted 

10 or decelerated. This greatly reduces the number of re- 
jects and enhances the output, especially in certain 
modern high-speed web processing machines which are 
designed to turn out well in excess of 10,000 rod-shaped 
smokers' products or the like per minute. 

15 Presently known methods or processes and machines 

or apparatus of the above outlined character are 
disclosed, for example, in the assignee's German patent 
No. 693 00 282, German Utility Model No. 1 995 937 and 
published German patent applications Serial Nos. 1 532 

20 203 and 1 532 204- US patent No. 3,089,661 (granted 
May 14, 1963 to Malcolm E. Phillips, Jr. et al.) dis- 
closes an automatic cigarette paper splicer wherein a 
fresh convoluted cigarette paper web is accelerated to 
the speed of a running (expiring) cigarette paper web 

25 by taking into consideration the mass of the supply (such 
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as a bobbin) of fresh convoluted web, the speed of the 
expiring bobbin of convoluted web and the tensional 
strength of the webs. Two rotary splicing sectors are 
provided to connect the leading end to the trailing end 

5 when the speed of the leading end matches that of the 
trailing end as well as the peripheral speeds of the 
two sectors. The splicing involves or can involve one 
revolution of each sector about its respective axis. 
The final steps of the patented splicing operation 

10 include the severing of those (foremost and rearmost) 
ends of the spliced- together webs which respectively 
extend forwardly and rearwardly of the finished splice. 
Such final steps are carried out by resorting to knives 
which are actuated in dependency upon the positions of 

15 the splicing sectors. 

An advantage of the automatic splicer which is 
disclosed in the US patent No. 3,089,661 to Phillips 
et al. is that the operation of the web processing appa- 
ratus or machine (e.g., a machine which confines a con- 

20 tinuous rod-like filler or natural, substitute or recon- 
stituted tobacco in a continuous web of cigarette paper 
or the like) need not be interrupted when the supply 
of a reel of convoluted web-like or strip-like wrapping 
material is exhausted, i.e., that the splicing operation 

25 can be carried out while the expiring web and the fresh 
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web are being moved at the prescribed speed of the 
wrapping material entering the processing machine. 

Another presently known mode of splicing the 
leader of a fresh web to the trailing end of a moving 
5 expiring web in a cigarette maker is to resort to a 
magazine which is designed to temporarily store a length 
of the expiring web. Such proposals are not entirely 
satisfactory because the magazine takes up a substantial 
amount of space in a cigarette making or like plant 
10 wherein hundreds of wrapping machines are confined in 
a common hall, i.e., wherein the hall must accommodate 
a discrete magazine for each wrapping machine. 
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OBJECTS OF THE INVENTION 

An object of the instant invention is to provide 
a novel and improved process for splicing the running 
trailing end of an expiring web of paper or the like 
5 to the running leader of a fresh web in a novel and im- 
proved manner, particularly or at least as concerns the 
appearance, the uniformity and the strength of the 
splices . 

Another object of our present invention is to 
10 provide a process which can be practiced with advantage 
in connection with the making of wrapped tobacco pro- 
ducts and which can be carried out without resorting 
to magazines or similar bulky facilities for temporary 
storage of looped and/ or otherwise deformed webs of 
15 wrapping material. 

A further object of the invention is to provide 
a novel and improved machine or apparatus for the prac- 
tice of the above outlined process. 

An additional object of our invention is to pro- 
20 vide the machine with a novel and improved mechanism 
for making a pressure splice between the continuously 
advancing trailing end of an expiring web of paper or 
the like and a continuously advancing leading end of 
a fresh web. 

25 Still another object of this invention is to re- 
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duce the number of rejects among the products which are 
obtained by draping a composite running web of paper 
or the like around a rod-shaped tobacco filler and/or 
filter material for tobacco smoke or the like. 
5 A further object of this invention is to provide 

a novel and improved process as well as a novel and im- 
proved arrangement for trimming the front and/ or rear 
ends of splices between selected portions of an expiring 
web and a fresh web of paper or other wrapping material. 

10 Another object of the invention is to provide 

a novel and improved process and a novel and improved 
machine or apparatus of the above outlined character 
which can be incorporated into or otherwise combined 
with presently known processes and/ or machines for 

15 wrapping commodities into and/ or for otherwise 
associating commodities with continuous running webs 
of paper, plastic material or the like. 

An additional object of the present invention 
is to provide a novel and improved system for regulating 

20 the operation of motors and/ or other prime movers in 
a machine of the above outlined character. 

Still another object of the invention is to 
provide a novel and improved cigarette making or other 
tobacco processing machine which cooperates with or 

25 embodies a machine of the above outlined character. 
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A further object of the invention is to provide 
a web splicing machine which is constructed and assem- 
bled in such a way that it allows for convenient thread- 
ing of fresh webs into their prescribed path and for 
readily observable advancement of successive webs of 
paper or the like to the web processing or consuming sta- 
tion. 



SUMMARY OF THE INVENTION 

One feature of this invention resides in the 
provision of a process for splicing the trailing end 
of an expiring running web (e.g., of cigarette paper 
5 or the like) to the leading end of a fresh running web. 
The improved process comprises the steps of advancing 
the leading and trailing ends of the webs in at least 
substantial parallelism with and next to each other at 
an at least substantially identical speed along a path 

10 which is flanked by a rotary knurling surface and a ro- 
tary countersurface, and rotating the surfaces at dif- 
ferent speeds through a majority of a plurality of revo- 
lutions. The revolutions include an n-th revolution 
during which the surfaces are sufficiently close to each 

15 other to splice the trailing end to the leading end in 
the path. Furthermore, n is greater than one. 

The rotating step can include maintaining the 
speeds of the knurling surface and the countersurface 
at least close to the substantially identical speed of 

20 the webs in their path in the course of the n-th revolu- 
tion. The process can be carried out in such a way that 
n is at least close to ten revolutions. Furthermore, 
the ratio of the different speeds can equal or approxi- 
mate 10:11. 

25 The process can further comprise the step of 
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bringing one of the surfaces into contact with one of 
the webs in the path only in the course of the n-th re- 
volution; such one surface can constitute the knurling 
surface . 

5 The rotating step can further include rotating 

the surfaces at an at least substantially identical 
speed in the course of the n-th revolution. 

The positions of the leading and trailing ends 
of the two webs can be selected in such a way that the 

10 rotating step entails the provision of at least one 
remnant which develops in the course of the n-th revolu- 
tion and is of one piece with one of the webs; the im- 
proved process then preferably further includes the step 
of separating the at least one remnant from the spliced- 

15 together webs. Such separating step preferably includes 
moving the at least one remnant at a speed other than 
the at least substantially identical speed of the webs 
in their path. 

If the rotating step entails the provision of 

20 a remnant of the expiring web, the separating step can 
include reducing the speed of the remnant below the at 
least substantially identical speed of the webs in their 
path. Such speed reducing step preferably includes 
braking the remnant of the expiring web. 

25 If the rotating step entails the provision of 
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a remnant at the fresh web and such remnant extends 
forwardly of the splice, the separating step preferably 
includes accelerating the remnant to a speed above the 
at least substantially identical speed of the webs in 
5 their path. Such accelerating step can be carried out 
during one of the stages including (a) simultaneously 
with the splicing of the webs to each other, and (b) 
subsequent to the splicing. 

Another feature of the instant invention resides 

10 in the provision of a machine for splicing the trailing 
end of an expiring running web (e.g., a web of cigarette 
paper or the like) to the leading end of a fresh running 
web while the leading and trailing ends advance next 
to each other, in the same direction and at an at least 

15 substantially identical speed. The improved apparatus 
comprises a rotary knurling member which is adjacent 
one side of the path for the webs, a rotary splicing 
member adjacent the other side of the path for the webs 
at least substantially opposite the knurling member, 

20 regulatable drive means for the rotary members, and 
means for regulating the drive means to rotate the two 
members at different speeds through a majority of a plu- 
rality of revolutions including an n-th revolution dur- 
ing which the members are sufficiently close to each 

25 other to splice the trailing end of the expiring web 
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to the leading end of the fresh web in the 
aforementioned path. In accordance with a desirable 
feature of the machine, the number n is greater than 

one (e.g., 10). 

The knurling member can be provided with a peri- 
pheral knurling surface and the splicing member can be 
provided with a peripheral countersurf ace which cooper- 
ates with the knurling surface to splice the leading 
and trailing ends of the webs in their path to each 
other in the course of the n-th revolution of the afore- 
mentioned plurality of revolutions. The drive means 
can include means for rotating the knurling and splicing 
members about spaced-apart at least substantially paral- 
lel axes. At least one of the members can include a 
segment which is arranged to orbit about the respective 
axis, and the means for rotating can include a roll 
which is rotatable about the respective axis and has 
a peripheral surface bearing the segment. 

Alternatively, the means for rotating the two 
members can include two rolls each of which is rotatable 
about a different one of the spaced-apart at least sub- 
stantially parallel axes. The knurling member of such 
machine can include a first segment which is borne by 
one of the rolls, and the splicing member can include 
a second segment which is borne by the other roll. The 
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two axes can be spaced apart from each other a distance 
which is required to ensure that the segments compress 
the webs in their path and thus splice the webs to each 
other only during the n-th revolution of the aforementi- 
5 oned plurality of revolutions. 

The improved machine can be set up to splice the 
trailing end of an expiring web to the leading end of 
a fresh web in such a way that at least one of the webs 
includes a remnant which extends beyond the spliced- 

10 together portions of the webs in their path. Such ma- 
chine preferably further comprises means for separating 
the remnant from the at least one web not later than 
upon completed splicing of the webs to each other. 

The separating means can include means for 

15 tearing the remnant from the at least one web, and such 
tearing means can include means for changing the speed 
of the remnant and of the spliced-together portions of 
the webs relative to each other. The just described 
machine can be designed in such a way that each of the 

20 two members has a knurling surface, and the drive means 
can comprise a rotary roll for each of the two members. 
The rolls are rotatable about at least substantially 
parallel axes, and the member borne by at least one of 
the rolls can include a segment which is provided on 

25 the peripheral surface of the at least one roll. 
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If the remnant forms a rearwardly extending part 
of the trailing end of the expiring web, then the afore- 
mentioned speed changing means of the tearing means can 
include a brake which is operable by the regulating 
5 means to decelerate the remnant not later than upon the 
splicing of leading and trailing ends of the twa webs 
to each other. This results in tearing of the remnant 
off the expiring web along the trailing edge of the 
splice between the two webs. 

10 Alternatively, or in addition to the provision 

of a remnant which extends rearwardly of the freshly 
formed splice, the splicing operation can result in the 
provision of a remnant which forms a forwardly 
projecting part of the leading end of the fresh web. 

15 The speed changing means of the tearing means then in- 
cludes or can include means for raising the speed of 
the forwardly projecting remnant relative to the spliced- 
together portions of the web. Such speed changing means 
can form part of a means (e.g., a variable-speed elec- 

20 trie motor and a pair of rollers driven by such motor) 
for advancing the fresh web in the aforementioned 
direction. 

The novel features which are considered as cha- 
racteristic of the invention are set forth in particular 
25 in the appended claims. The improved machine itself, 
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however, both as to its construction and the modes of 
assembling, installing and operating the same, together 
with numerous additional important and advantageous fea- 
tures and attributes thereof, will be best understood 
upon perusal of the following detailed description of 

certain presently preferred specific embodiments with 

reference to the accompanying drawing. 
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BRIEF DESCRIPTION OF THE DRAWING 



Fig. 1 is a partly schematic elevational view 
of a splicing machine wherein the leading end of a fresh 
running web of paper or the like and the trailing end 
5 of an expiring running web can be spliced to each other 
between two orbiting convex knurling surfaces; 

Figs. 2a to 2i illustrate various stages of angu- 
lar movement of the two knurling surfaces at the 
opposite sides of the path for the leading and trailing 
10 ends of the two webs; 

Fig, 3 is an elevational view similar to that 
of Fig. 1 but showing certain relevant component parts 
of a machine wherein the splicing of the ends of two 
running webs to each other is carried out by a convex 
15 knurling surface and a smooth cylindrical complementary 
surface; 

Fig. 4a is an enlarged view of the splicing 
station in the machine of Fig. 3, showing the knurling 
surface in a position remote from the path for the webs; 

20 Fig. 4b shows the structure of Fig. 4a but with 

the knurling surface in a position it assumes at the 
start of a splicing operation and after two driven 
rollers have already separated the forwardly projecting 
remnant of the fresh web by tearing it away from the 

25 spliced- together webs; and 
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Fig. 4c is a view similar to that of Fig. 4a or 
4b but showing the knurling surface in an angular posi- 
tion it assumes upon completion of a splice, a rearward- 
ly extending remnant of the trailing end of the expired 
5 web being shown upon completed . tearing away from the 
spliced- together webs immediately behind the splice. 



- 18 - 



DESCRIPTION OF PREFERRED EMBODIMENTS 

Fig. 1 illustrates certain component parts of 
a machine wherein the trailing ends of successive expir- 
ing webs of cigarette paper, tipping paper (e.g., for 
5 the making of filter cigarettes of double unit length 
in a manner as disclosed in commonly owned US patent 
No. 5,135,008 granted August 4,1992 to Erwin Oesterling 
et al. for "METHOD OF AND APPARATUS FOR MAKING FILTER 
CIGARETTES 11 ) or other foldable wrapping material are 

10 spliced to the leading ends of successive fresh webs 
of such material. The expiring web 2 which is shown 
in Fig. 1 is supplied by a bobbin or reel 4 having a 
core driven by a first drive means here shown as a vari- 
able-speed electric motor Ml controlled by a schematic- 

15 ally illustrated control unit 55. The leader (not 
shown) of the expiring web 2 is drawn in the direction 
of arrow 10 by a suitable drive means of a processing 
or consuming machine (not shown), e.g., by two driven 
rollers in the wrapping unit of a cigarette making ma- 

20 chine such as that disclosed in commonly owned US patent 
No. 5,060,665 (granted October 29, 1991 to Uwe. Heitmann 
for "WRAPPING MECHANISM FOR ROD MAKING MACHINES OF THE 
TOBACCO PROCESSING INDUSTRY"), in commonly owned US pa- 
tent No. 5,072,742 (granted December 17, 1991 to Uwe 

@% Heitmann for "METHOD OF AND APPARATUS FOR MAKING A 
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FILLER OF SMOKABLE MATERIAL 11 ), or in commonly owned US 
patent No. 5,526,826 (granted June 18, 1996 to Uwe 
Heitmann for "APPARATUS FOR REMOVING SURPLUS FROM A TO- 
BACCO STREAM"). An example of numerous apparatus which 
5 are designed to utilize a continuous web of wrapping 
material which consists of a series of successive splic- 
ed-together discrete webs other than those utilized in 
a tobacco processing machine is that disclosed in 
commonly owned US patent No. 5,442,897 granted August 

10 22, 1995 to Alfred Hinzmann et al. for "METHOD OF AND 
APPARATUS FOR MAKING TUBULAR ENVELOPES". 

The web 2 is trained over two spaced- apart paral- 
lel rollers 6 , 8 to advance along an elongated path ex- 
tending toward, through and beyond a splicing station 

15 (at the tip of the arrow 50) in the direction indicated 
by an arrow 22. The roller 8 deflects successive 
increments of the web 2 toward the processing or 
consuming machine wherein the web is subdivided and/ or 
deformed (such as converted into a tubular envelope) 

20 in a manner and for the purposes not forming part of 
the instant invention. 

When the supply of the running web 2 is about 
to expire (this is ascertained by a suitable detector 
or sensor which is not shown because it forms no part 

25 of the present invention) , the trailing end of this web 
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is spliced to the leading end of the fresh web 18 
(furnished by a bobbin or reel 19 driven by a second 
drive means, e.g., a variable-speed electric motor M3 
operated by a regulating means including or constituting 
5 the aforementioned control unit 55) after the free 
foremost part of the leading end of the fresh web enters 
the nip of and is pulled by a device 12 composed of two 
rollers 14, 16 at least one of which is adapted to be 
driven by a variable-speed electric motor M2 or another 

10 suitable prime mover or drive means in response to a 
signal from the control unit 55. On its way from the 
bobbin 19 to the nip of the rollers 14, 16, the fresh 
web 18 is guided by a member 20 (e.g., an idler roller) 
which ensures that the portions of the webs 2, 18 

15 advancing from the roller 20 toward the roller 18 are 
maintained at an optimum distance from each other (e.g., 
immediately adjacent and at least substantially parallel 
to but normally out of actual contact with each other) . 

The means for splicing the webs 2, 18 to each 

20 other in accordance with the process and in the machine 
of the present invention includes a first rotary 
splicing member or carrier 24 at one side and a second 
rotary splicing member or carrier 26 at the other side 
of the splicing or knurling station at the tip of the 

25 arrow 50. The means for rotating the roll-shaped 
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splicing members or carriers 24, 26 (hereinafter often 
called rolls for short) respectively include variable- 
speed prime movers or drive means M4 , M6 each of which 
can constitute a variable-speed electric motor receiving 
5 start, stop, acceleration and/or deceleration signals 
from the control unit 55 in accordance with a program 
to be described hereinafter with reference to Fig. 1 
as well as with reference to Figs. 2a to 2i. Some or 
all of the motors Ml to M4 and M6 are or can be arranged 

10 to operate independently of each other. 

The rolls 24 , 26 are respectively rotatable about 
spaced-apart parallel axes 25 , 35 . The cylindrical 
peripheral surface 28 of the roll 24 carries a first 
arcuate segment-shaped knurling member 23 having a 

15 convex radially outermost knurling surface 27 extending 
along a relatively short arc of, e.g., between 25° and 
35°, and the cylindrical peripheral surface 30 of the 
roll 26 carries a second arcuate segment-shaped knurling 
member 32 having a convex peripheral surface 34. The 

20 dimensions of the knurling member 23 (hereinafter also 
called segment) can but need not be identical with 
those of the knurling member or segment 32. The 
directions of rotation (orbiting) of the segments 23, 
32 are indicated by the arrows 40 and 42, respectively. 

25 The surface 27 is assumed to be knurled, and the 
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surface 34 is assumed to be smooth. Such configurations 
of the surfaces 27 and 34 enable the segments 23, 32 
to splice the web 2 to the web 18 when the control unit 
55, the dimensions of the two components of the knurling 
5 tool 24, 26, 23, 32, the control unit 55 and the 
distance between the axes 25, 35 permit the surfaces 
27, 34 to move sufficiently close to each other to not 
only contact the respective webs 2, 18 but to also press 
the webs against each other with a force that is 
10 required to carry out a splicing operation known as 
knurling. 

It is also within the purview of the present in- 
vention to provide the segment 23 with a smooth convex 
surface 27 and to provide the segment 32 with a knurling 

15 surface 34, or to provide each of the segments 23, 32 
with a knurling surface. All that counts is to ensure 
that the segments 23, 32 can splice the webs 2, 18 to 
each other at the exact instant when the making of a 
splice SP (see Figs, 2h and 2i) is desired and neces- 

20 sary. 

The number of motors M can be reduced, e.g., to 
one, if the machine of Fig. 1 employs suitable transmis- 
sions (such as belts and pulleys, chains, gear trains 
and/or the like) which can rotate the parts 4, 19, 12, 
25 24 and 26 at requisite speeds, in required directions 
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and at required intervals in response to signals from 
the control unit 55. 

The splicing of the leading end of the fresh web 
18 to the trailing end of the expiring web 2 takes place 
5 when the identical or practically identical speeds of 
the webs at the splicing station (at 50) are matched 
or closely approximated by the speeds of orbital 
movement of the convex surfaces 27 and 34. This takes 
place shortly or immediately before the remnant 52 (see 

10 Fig. 3 and 4c) of the expiring web 2 reaches the 
splicing station. Acceleration of the leading end of 
the fresh web 18 to the speed of the running expiring 
web 2 is effected by the pair 12 of rollers 14, 16, 
i.e., by the motor M2 in response to a signal from the 

15 control unit 55. 

The manner in which the motors M4 and M6 
respectively accelerate the rolls 24, 26 (and hence the 
segments 23, 32) to the speeds which are required to 
carry out a satisfactory splicing operation is shown 

20 in Figs. 2a to 2i. In accordance with a presently pre- 
ferred embodiment, the rolls 24, 26 are accelerated in 
such a way that the ratio of their rotational speeds 
ultimately matches or approximates 10:11. Otherwise 
stated, the surface 27 of the segment 23 contacts the 

25 adjacent side of the web 2 simultaneously with the es- 
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tablishment of contact between the surface 34 of the 
segment 32 and the adjacent side of the web 18 during 
the tenth revolution of the slower roll 24. It will 
be appreciated that the just described ratio n = 10 
5 (i.e., n>l) is but one of several ratios which can be 
selected to ensure the making of a satisfactory splice 
SP. 

Care should be taken to select the lengths of 
the convex surfaces 27 and 34 (as seen in the circumfe- 

10 rential direction of the respective rolls 24, 26) in 
such a way that the splicing tool including the parts 
24, 26, 23, 32 will be capable of making a splice SP 
having a desired length (as seen in the direction of 
the arrow 22, i.e., in the longitudinal direction of 

15 overlapping webs 2, 18 in the elongated path between 
the rollers 20 and 8). The spliced- together webs 2, 
18 should be free to move relative to the rolls 24 , 26 
as soon as the making of the splice SP is completed. 
This is desirable in order to avoid damage to the 

20 splice, not only as concerns its appearance but also 
as regards its strength. 

The slower roll 24 completes ten revolutions 
about the axis 25, and the faster roll 26 completes 11 
revolutions about the axis 35 before the peripheral 

25 speed of the convex surface 27 matches or closely ap- 
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proximates that of the convex surface 34 as well as the 
speeds of the webs 2 and 18. Such matching or close 
approximation of the speeds of the webs 2, 18 to the 
speeds of the convex surfaces 27, 34 is followed by the 
5 making of a splice SP which, in turn, is followed by 
a deceleration of the convex surfaces 27, 34 (such as 
during the next-following ten revolutions of the rolls 
24, 26) prior to next potential contact of the segments 
23, 32 with two webs between them. Figs, 2a to 2i il- 

10 lustrate the positions of the segment 23 on the roll 
24 relative to an imaginary straight line connecting 
the axes 25 and 35. The roll 24 rotates in a clockwise 
direction (as indicated by the arrow 40), and the roll 
26 rotates anticlockwise (see the arrow 42). Figs. 2b 

15 to 2f show that the af orediscussed ratio of speeds of 
the rolls 24, 26 ensures the establishment of contact 
between the surfaces 27, 34 and the adjacent webs 2, 
18 after the segment 23 has completed an angular move- 
ment through 3575°. As shown in Figs. 2g and 2h, actual 

20 knurling of the webs 2, 18 takes place when the roll 
24 has completed or is in the process of completing an 
angular movement through about 3600° from its starting 
position. Fig. 2i shows the final stage (i.e., the com- 
pletion) of the making of a splice SP, i.e., the last 

25 stage of cooperation of convex surfaces 27, 34 to pro- 
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duce the splice by knurling the respective (overlapping) 
portions of the webs 2 and 18. 

As already mentioned hereinbefore, the speed of 
at least one of the segments 23 and 32 can be regulated 
5 in such a way that the speed of orbital movement of the 
segment 23 about the axis 25 at least approximates the 
speed of orbital movement of the segment 32 about the 
axis 35 and the speed of the webs 2, 18 when the 
surfaces 27, 34 are in the process of making the splice 
10 SP. This is accomplished by appropriate selection of 
a servo system for the motor M4 and/ or M6 and/ or by 
resorting to an eccentrically mounted driver gear (not 
shown) for at least one of the rolls 24, 26 and/or in 
any other suitable manner. 

The direction of rotation of the rolls 24 , 26 
is or can be reversed when the making of the splice SP 
between the webs 2 and 18 is completed. Such angular 
movements must or should be completed before the web 
18 is about to expire and the expired web 2 is replaced 
by a new web having a leading end which is properly 
threaded into the path extending between the rollers 
6 and 8. The rearward rotation of the rolls 24, 26 
might entail the establishment of short-lasting contact 
between the web 18 and the smooth convex surface 34 
and/ or between the non- illustrated new web and the 
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knurled convex surface 27; however, such contacts do 
not occur simultaneously so that the improved machine 
cannot make a splice at an inopportune time, i.e., when 
the leading end of the new web is not adjacent the 
trailing end of the then expiring web 18. It is 
preferred to effect reverse rotation of the rolls 24 , 
26 (i.e., counterclockwise and clockwise, respectively) 
in such a way that the then expiring web 18 is intermit- 
tently contacted and even slightly deflected by the 
smooth convex surface 34 of the segment 32 but that the 
knurled convex surface 27 of the segment 23 does not 
contact (and does not deflect) the adjacent portion of 
the leading end of the new web which has replaced the 
expired web 2. As can be seen in Figs. 2h and 2i, the 
making of a splice SP can take place while the segment 
32 deflects the webs 2, 18 upwardly, i.e., toward the 
segment 23. 

An advantage of the machine which is shown in 
Figs. 1 and 2a to 2i is that the provision for repeated 
revolutions of the rolls 24, 26 prior to the making of 
a splice provides ample time for acceleration of the 
webs 2, 18 to optimum speeds for the establishment of 
a reliable splice between them. Moreover, the splicing 
machine is highly unlikely to damage the web 2 and/ or 
18 and/ or the new web following the web 18 because the 
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webs 2, 18, the web 18 and the web replacing the web 
2 and so forth need contact each other only and alone 
when they are to be spliced to each other 

Another important advantage of the improved 
5 splicing machine is that it is relatively simple, that 
it comprises a relatively small number of simple parts, 
and that the wear upon its parts is negligible so that 
it can be utilized for the splicing together of large 
numbers of successive webs. 

10 Fig. 3 illustrates certain features of a modified 

splicing machine. All such parts of this machine which 
are identical with or plainly analogous to the 
corresponding parts of the splicing machine of Figs. 
1 to 2i are denoted by similar reference characters and 

15 are described herein only if their mode of operation de- 
parts from that of the corresponding parts in the 
machine of Figs. 1 to 2i. 

The roll 24 is mounted for rotation about the 
axis 25 and is arranged to be driven by a variable-speed 

20 reversible electric motor M4 which can receive signals 
from a control unit 55A. The segment 23 of Fig. 1 is 
omitted, and the smooth cylindrical peripheral surface 
28 of the roll 24 cooperates with the knurled convex 
surface 34 of the arcuate segment 32 when the knurling 

25 tool including the roll 24 and the segment 32 is to 
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splice the trailing end of the expiring web 2 to the 
leading end of the fresh web 18. Such splicing involves 
deformation of the web 18 and the establishment of a 
mechanical connection between the webs 2 and 18. 

The distance between the axes 25, 35 of the rolls 
24, 26 is selected in such a way that the making of a 
splice between the webs 2, 18 takes place only in a 
certain angular position of the segment 32 relative to 
the roll 24. 

The control unit 55A is operatively connected 
with the motors Ml to M4 and M6 as well as with a brake 
Br for the remnant 52 (see also Fig. 4c) at the trailing 
end of the web 2 behind the splice SP . This control 
unit comprises a memory (not specifically shown) which 
stores a program for the operation of the motors and/ or 
the brake Br in a predetermined sequence, at predeter- 
mined intervals, at predetermined speeds, for 
predetermined periods of time and (if necessary) as a 
function of other parameters which ensure operation of 
the machine of Fig. 3 in accordance with the present 
invention. The control unit 55A further comprises a 
microprocessor which initiates the operation of the 
motors Ml to M4 and M6 as well as of the brake Br in 
the predetermined sequence. 

The speed of at least one of the rolls 24, 26 
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is regulated in such a way that the convex knurling 
surface 34 of the segment 32 on the peripheral surface 
30 of the roll 26 moves in synchronism with that of the 
smooth peripheral surface 28 of the roll 24 when these 
surfaces are being called upon to make a splice SP. 
Fig. 3 shows the surfaces 28, 34 in angular positions 
they assume prior to start of the making of a splice. 
The making of the splice is started when the forward 
end of the knurled surface 34 (as seen in the direction 
of the arrow 42) reaches the splicing station at the 
tip of the arrow 50, i.e., when the surfaces 28, 34 be- 
gin to cooperate to press the adjacent portions of the 
webs 2, 18 against each other and to simultaneously de- 
form at least the web 18 due to the configuration 
(knurling) of the surface 34. 

The making of the splice SP at the station 
denoted by the arrow 50 normally or often begins when 
a (first) remnant 52 of the expiring web 2 still extends 
rearwardly beyond the developing splice SP and when a 
(second) remnant 54 of the front end of the fresh web 
18 extends forwardly beyond the station denoted by the 
arrow 50 to an extent such that it enters the nip of 
and is advanced (in the direction of arrow 22) by the 
rollers 14, 16 of the roller pair 12. It is advisable 
to separate the remnant 52 and/ or 54 from the spliced- 
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together webs 2, 18 because such remnants could inter- 
fere with proper operation of the web processing or con- 
suming (e.g., wrapping) machine (not shown) receiving 
successive increments of those portions of the webs 2, 
5 18, etc. which advance in the direction of the arrow 
10. The remnant 52 and/ or 54 could adversely affect 
the quality of the product (e.g., plain cigarettes) 
which is turned out by the processing machine or could 
bring the operation of the processing machine to a halt. 

10 Fig. 4a shows the forwardly extending remnant 

54 in the nip of the rollers 14, 16 but prior to its 
separation from the major part of the fresh web 18. The 
motor M2 of Fig. 3 starts to rotate the rollers 14, 16 
at a speed which is required to tear the remnant 54 from 

15 the major part of the web 18 subsequent to start of the 
making of the splice SP (see Fig. 4b) because the making 
of such splice weakens the web 18 and, therefore, the 
rollers 14, 16 can tear the remnant 54 of the web 18 
along the transversely extending front end of the 

20 developing or completed splice. The peripheral speeds 
of the rollers 14, 16 need not greatly exceed the for- 
ward speed of the splice SP (i.e., of the major part of 
the web 18 and of the trailing part of the web 2 ahead 
of the remnant 52), as long as such peripheral speeds 

25 suffice to overcome the tensile strength of the weakened 
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part of the web 18 immediately ahead of or at the 
forward end of the freshly formed splice* The rollers 
14, 16 can deliver the separated remnant 54 into a col- 
lecting receptacle, not shown. 

In order to tear the remnant 52 off the web 2 
at the rear end of the freshly completed splice SP, the 
control unit 55A actuates the brake Br which engages 
the web 2 at the core of the bobbin 4. This decelerates 
the remnant 52 and tears it off the preceding part of 
the web 2 along the rear end portion of the splice SP 
(see Fig, 4c). The braking action of the device Br must 
suffice to overcome the tensile strength of the weakened 
portion of the web 2 at the trailing end of the 
completed or practically completed splice between the 
webs 2 and 18. 

An advantage of the separating means for the 
remnants 52 and 54 is that they need not employ any 
knives or analogous implements which necessitate repeat- 
ed resetting, sharpening and/ or replacement. Moreover, 
the remnants can be torn off directly adjacent the 
respective ends of the splice SP so that the splice 
cannot entrain any surplus web material into the machine 
which processes the webs 2, 18 and so forth. 



- 33 - 



Without further analysis, the foregoing will so 
fully reveal the gist of the present invention that 
others can, by applying current knowledge, readily adapt 
it for various applications without omitting features 
5 that, from the standpoint of prior art, fairly consti- 
tute essential characteristics of the generic and speci- 
fic aspects of the above outlined contribution to the 
art of splicing running webs of paper and the like and, 
therefore, such adaptations should and are intended to 
10 be comprehended within the meaning and range of 
equivalence of the appended claims. 
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